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Abstract 
The paper discusses the features of the rational design of a spindle with screwing motion of pipeline valve as the hinged rod with 
a step of change in stiffness, which takes into calculating the availability of both threaded and non-threaded parts and with the 
intermediate linear-elastic support to simulate the effect of supporting the glandsealing. A method of estimating the longitudinal 
stability of the spindle, which allows to consider heterogeneous components of its design individually and to determine the total 
value of the maximum load for the structure as a whole is offered. The method of calculating the effect of glandsealing 
supporting, taking into account the impact of its characteristics on the parameters of spindle's stability was developed. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Omsk State Technical University. 
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1. Introduction 
Many installations and units in the chemical, oil and oil-processing industry, metallurgy and energetics are 
equipped with the pipeline fittings. A large number of fittings is used in aircraft industry, shipbuilding and oil 
industry [1-2]. 
One of the most important classes of pipeline fittings are the shutoff valves – the devices used to inclusion or 
shutdown of the pipeline, or object: valves, gate valves, etc. 
Theoretical and experimental research on the causes of failures or inefficiencies of gate valves show that the 
spindles are one of the weaknesses of [2-3].  
The purpose of work is to increase the durability of the spindles based on the improved method of calculation of 
the longitudinal stability of the spindle. 
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2. The object of research (Calculated model of spindle) 
The main criterion of capacity for work of spindles of shutoff valves is preservation of longitudinal stability 
owing to considerable axial compression when there is the pipeline overlapping.  
Compared with the designing of the rotating spindles of their calculation of longitudinal stability for the spindles 
with screwing motion have their own features: 
- they have a commensurate length both the threaded and smooth parts of their working conditions and the 
calculation of longitudinal stability significantly more difficult with relative to the rotary spindle, which is threaded 
throughout its length. The screw part of spindle has a substantially smaller effective diameter. In the best case, for 
threading on the rod of constant diameter, the diameter is near to the average diameter of the thread. In this case, the 
spindle with screwing motion is regarded as a rod with a stepped changed rigidity. Moreover, there may be not only 
two, but also three or more grade; 
- the spindles with screwing motion of valves pipelines have a glandsealing which is disposed between his 
bearings, and  because the glandsealing has the elastic properties and it resists bending symmetrical, so must take 
into account the effect of glandsealing supporting device upon the possible loss of stability of the spindle. 
Consideration of such features for modeling of loss of longitudinal stability of spindle with screwing motion of 
valves pipeline is not only topical but also necessary, as the underestimation of these important factors can 
significantly distort the results. 
3. Technique 
The spindle with the screw movement as the rod with a stepwise variable rigidity is considered. 
It is proposed the rod of spindle is divided into 3 or more independent parts with lengths 1l , 2l , 3l ... nl  
respectively (Fig. 1) and for each part the corresponding values of critical forces are separately calculated 
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Next, we consider the effect of the glandsealing. Let us accept the hypothesis that the material of the glandsealing 
resists bending with linear elasticity. Then the calculation scheme of such a rod construction on its longitudinal 
stability can be represented in the form (Fig. 2.): 
In this case, the equation of the curved line can be written as: 
zRzyP
dz
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where 
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is the reaction of the bearing. 
Fig. 1. Scheme for the determination of the total critical loading. Fig. 2. Calculated scheme for accounting of support influence of 
glandsealing. 
We use the successive approximation method in the integrating of formula (2). As a first approximation, we use 
the sinusoid of the Euler. 
As a result, for the second approximation we obtained the next expression for the critical force (3) and curved 
line equation (4): 
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These solutions for the third approximation can be written as: 
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4. Results and discussion 
Fig. 3 and 4 show us the results of numerical calculations obtained with the following initial data: Е = 2105 
N/mm2; J = 491 mm4; l = 100 mm; l1 = 50 mm; l2 = 10 mm. The curved lines of the spindle axis depending on the 
rigidity of the glandsealing are shown on Fig. 3: curve 1 - for a coefficient of rigidity, ݇ = 0 (the glandsealing is 
absent); curve 2 - for ݇ = 103 N/mm; curve 3 - for ݇ =5103 N/mm; curve 4 - for ݇ →∞ (absolutely rigid intermediate 
bearing).  
Analysis of Fig. 3 leads to the conclusion that the curve 1 coincides with the sinusoid of the Euler, but the 
amplitude of bending decreases with the growth of the glandsealing rigidity and then rigidity coefficient, ݇ = 5103 
N/m (curve 3) there is a bend already in two asymmetric half-waves. Furthermore, when the glandsealing replaced 
by a perfectly rigid intermediate bearing (curve 4) - there is two symmetrical half-waves, which correspond to the 
classical solution for a rod with three rigid bearings. 
 
 
Fig. 3. The bending line of spindle axis, depending on the of rigidity 
of glandsealing. 
 
Fig. 4. Critical loading depending on the rigidity coefficient of 
glandsealing. 
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Fig. 4 shows the dependence of the value of the critical load on the glandsealing rigidity. For ݇ = 0, the solution 
coincides with the value of the Euler critical force. If the coefficient of rigidity grows, the critical load value 
increases, and for large values of the coefficient of rigidity it approaches to the real value for a rod with three rigid 
bearings. 
Thusly, the proposed designing method  of spindles of the pipeline valves on their longitudinal stability as rods 
with a stepwise change in the cross-sectional construction can to consider heterogeneous components separately and 
to determine the total value of the maximum load for the construction as a whole. 
5. Conclusion 
The model and derived formulas to account for the effect of accounting of support influence of glandsealing in 
modeling of the longitudinal stability of the spindle with screwing motion for pipeline valve. It is shown that the 
rigidity of the glandsealing has a significant influence on the parameters of the stability of spindle and its rational 
choice allows significantly increasing the supply of the spindle longitudinal stability. 
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